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ABSTRACT (Maximum 100 words)
One of the shortcomings of asphalt concrete (AC) overlays is the eventual occurrence of reflective cracking. Reflective cracks are fractures in the overlay that occur because of excessive movement of cracks and joints in the underlying pavement layers. Without some form of prevention or reduction of these reflective cracks, early deterioration of an asphalt overlay can occur. The asphalt rubber and geotextile interlayers are used to prevent and reduce reflective cracks and to act as a waterproofing medium when overlaying structurally sound AC and portland cement concrete (PCC) pavements with AC in warm, dry climates. The description, applicability, benefits, limitations, costs, recommended uses, and location of demonstration sites for asphalt rubber and geotextile interlayer technology are discussed. A stress-relieving interlayer has been one successful method in retarding and preventing reflective cracks in asphalt overlays covering b.oth Portland Cement Concrete (PCC) and AC pavements. The stress-relieving interlayer can be an asphalt rubber or geotextile interlayer. The asphalt-rubber interlayer involves spraying an asphalt-rubber binder on the pavement surface and covering with a coarse aggregate. This process is also known as a SAM!, stress absorbing membrane interlayer. The geotextile application involves spraying the existing AC or PCC with an asphalt cement and placing synthetic fabric or waterproofing membrane directly on the sprayed pavement surface.
The rehabilitation technique is completed by placing an AC overlay. USACE recommends minimum overlay thickness of 4 in. for PCC and 2 in. for AC.
Application
The asphalt-rubber and geotextile interlayers are used to prevent and reduce reflective cracks and to act as a waterproofing medium when overlaying structurally sound AC and PCC pavements with AC in warm, dry climates.
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Benefits
The use of asphalt-rubber and geotextile interlayers with AC overlays will help prevent and retard reflective cracks which lengthen the pavement life and decrease maintenance. These interlayers also prevent surface water from penetrating into the base course and subgrade and causing pavement structural failures. The cost savings will be noticed in man-hours (time) and the amount of material needed to maintain the pavement. The use of these interlayers can provide a pavement with many years of maintenance-free service.
Limitations
These rehabilitation techniques cannot be used to rehabilitate structurally unsound pavements. AC pavements that contain alligator cracking or weak base courses and PCC pavements with shattered or failed slabs must be repaired prior to using an asphalt-rubber or geotextile interlayer . These stress-relieving interlayers should not be used on pavements in cold climates because of increased pavement movement resulting from temperature changes.
Costs
• The use of an asphalt-rubber or geotextile interlayer adds an additional initial cost to the rehabilitation project, but it saves money over the life of the pavement. The unit cost of a typical geotextile interlayer is between $0.25 and $1.00 per square yard, and the additional cost of the asphalt-rubber interlayer is between $1.00 and $2.50 per square yard.
Recommendation for Use
The asphalt-rubber and geotextile interlayers rehabilitation techniques are recommended for structurally sound AC and PCC pavements. The existing pavement should be relatively smooth and should have negligible movement under traffic. These interlayers when properly applied are successful in preventing or retarding reflective cracks in mild, dry climates. Specific guidance on This development of cracks is generally identical to that in the pavement overlaid . Without some form of prevention or reduction of these reflective cracks, early deterioration of an asphalt overlay occurs.
Methods for reducing reflective cracks in asphalt overlays have been tested in the field since the early 1930's and in the laboratory for 20 years .
One method that has been successful in retarding and preventing reflective cracks in overlays covering both PCC and AC pavements is a stress-relieving interlayer. The stress-relieving interlayer can be an asphalt-rubber or geotextile interlayer. Both of these techniques have been successful in reducing reflective cracks.
The asphalt rubber interlayer consists of a layer of asphalt rubber covered with a coarse aggregate material. The asphalt rubber interlayer is constructed using bituminous surface treatment procedures. The asphalt rubber material is sprayed on the prepared surface and immediately covered with the aggregate material. This interlayer is not effective on PCC pavements and should not be used.
Geotextile interlayers consist of various synthetic fabrics and waterproofing membranes that are used to rehabilitate both PCC and AC pavements.
The synthetic fabrics are manufactured by either a woven or nonwoven process consisting of polypropylene, polyester, nylon, and glass materials. Nonwoven fabrics are generally used to rehabilitate existing asphalt pavements. The waterproofing membrane interlayer consists of a woven or nonwoven fabric embedded in a layer of self-adhesive rubberized asphalt. These membranes are generally used on PCC pavements. A geotextile interlayer fact sheet is in Appendix C. 5 
Application
The asphalt-rubber and geotextile interlayers are used to prevent and reduce reflective cracks and to act as a waterproofing barrier when rehabilitating AC and PCC pavements with an asphalt overlay. These interlayers are recommended for structurally sound AC and PCC pavements that are to be overlaid. The existing pavement surface should be relatively smooth and should have negligible movement under traffic. These interlayers are best suited for rehabilitation projects located in mild, dry climates.
Applications in cold climates have had less than satisfactory results.
Limitations/Disadvantages
The asphalt-rubber and geotextile interlayers should not be considered in all asphalt overlay projects . These rehabilitation techniques cannot be used to rehabilitate structurally unsound AC and PCC pavements. Existing AC pavements that exhibit alligator cracking or other evidence of weak subgrades and base courses have to be repaired prior to applying these interlayers. PCC pavements that have shattered or failed must be repaired.
Pavements that have excessive movements greater than 0 . 008 in. at cracks and joints should not be rehabilitated with asphalt-rubber or geotextile interlayers. AC and PCC pavements that have large vertical and horizontal movements caused by traffic loads and changes in moisture or temperature will not be good candidates for these rehabilitation techniques .
These techniques should not be considered in cold climates due to excessive movements in the underlying pavement caused by extreme temperatures.
Specific guidance on the use of these interlayers is detailed in Appendix B.
FEAP Demonstration/Implementation Sites
In FY 85, an asphalt-rubber and geotextile interlayer demonstration was conducted on Geronimo Road at Fort Sill, Oklahoma. Geronimo Road is a twolane roadway that serves a residential area with moderate to heavy daily traffic . Prior to the demonstration, the existing AC pavement contained an extensive amount of transverse and longitudinal cracks. The resurfacing of 6 this roadway involved using two stress-relieving interlayers, asphalt rubber and geotextile fabric, with a 2-inch asphalt concrete (AC) overlay. This rehabilitation technique was implemented to reduce or prevent reflective cracks in the AC overlay. The southern portion of Geronimo Road between Post Road and Honeycutt Road was resurfaced using a nonwoven geotextile fabric produced by Phillips Fiber Corporation (Petromat). The geotextile fabric was installed with no problems using mechanical laydown equipment. This portion of Geronimo Road is performing extremely well to date.
The condition of the AC surface after 4 years of service was excellent. Random low severity bleeding has also occurred in this portion of Geronimo Road. These bleeding areas were primarily located where the asphalt distributor stopped and started.
The northern portion of Geronimo Road between Honeycutt Road and Sheridan
Road was resurfaced using an asphalt-rubber interlayer. The asphalt-rubber interlayer, sometimes known as SAM!, was placed using standard surface treatment procedures. The condition of the pavement in the northern portion of Geronimo Road was very good. Fourteen small transverse cracks have developed and were located across the centerline of the pavement. These cracks were randomly spaced every 30 to 50 feet and are 3 to 5 feet long.
These reflective transverse cracks range in width from hairline to 1/4 inch. Random low-severity bleeding areas have also occurred in this por·tion of Geronimo Road. Longitudinal cracking in the shoulders has occurred. These cracks can be attributed to pavement structural failure.
The overall condition of Geronimo Road in August 1990 was from good to excellent. The isolated bleeding areas have not caused a problem, and the asphalt material on the pavement surface was not tacky even when the air temperature was above 100 degrees F. Both interlayers have resulted in an amount of reflective cracking judged to be less than that which would have occurred without them. The geotextile fabric was the most effective of the two interlayers. The only maintenance or repair work that has been conducted • Life-Cycle Costs/Benefits Based on the demonstration projects, the simple payback in using asphalt rubber and geotextile interlayers is 3 to 4 years. The additional cost of the geotextile interlayer is between $0.25 and $1 . 00 per square yard, and the additional cost of the asphalt-rubber interlayer is between $1.00 and $2.00 per square yard. By using this technology, the service life of pavements can be extended 3 to 7 years which is a 20 to 40 percent increase in service life.
The annual maintenance savings, as computed for a small-to-average size paving project, is 19.5 percent. This includes amortizing the construction costs over the life of the pavement.
The use of these interlayers with AC overlays will help reduce reflective cracks which lengthen the pavement life and decrease maintenance. These interlayers also prevent surface water from penetrating into the base course and subgrade and causing pavement structural failures. The cost savings will be noticed in man-hours (time) and the amount of material needed to maintain the roadway. The use of these interlayers can provide a pavement with many years of maintenance-free service . can be used if a high-quality AC is specified.
Q. Facilities Engineering Applications Program (FEAP
The construction specification for projects involving an asphalt-rubber or geotextile interlayer will be site-specific and should meet the needs of the installation . The contract specifications will need to be modified and 11 developed by in-house personnel. Examples of contract specifications used in FEAP demonstrations are found in Appendix D.
Procurement Scheduling
Normal construction contract schedules should be established that would allow adequate design and plan preparation time; design, review and approval; contract preparation; advertising and award; and construction time. A typical pavement project is designed 1 to 2 years before it is constructed; however, relatively small projects that require limited plans and specifications can be prepared and ready to go within a few months . 
Material
The AC material recommended for use with asphalt-rubber and geotextile interlayers is a standard dense-graded surface course asphalt mixture. The AC material should meet the requirements of CEGS 02551 , CEGS 02556, or a highquality state highway specification.
The thickness of the asphalt overlay depends on the condition of the existing pavement surface and structure, the amount and type of traffic, and the geographic location and climate. The overlay thickness should always ensure that the new pavement structure will be structurally adequate. The minimum recommended overlay thicknesses are given in Appendix B.
Geotextile interlayers are used in two different capacities, full-width and strip methods. The full-width method generally uses a nonwoven material and is recommended for rehabilitating AC pavements. Properties required of nonwoven fabrics are li~d in Table 1 . The strip method is used primarily on PCC pavements and involves placing 12-to 24-inch wide strip directly on the cracks and joints. Properties required for geotextile-membrane strips are listed in Table 2 .
The asphalt-rubber material should be blended to produce a homogenous mixture that can be sprayed uniformly with an asphalt distributor . The asphalt-rubber blend will be site-specific depending on location, type of rubber, and type of asphalt cement. Manufacturer's recommendations should be followed. Examples are listed in Appendix D. Personnel Regular paving construction personnel are used in an asphalt-rubber and geotextile interlayer project. In the demonstration projects, a paving contractor performed all of the construction including the interlayers . In both demonstrations, manufacturer's representatives were on site to provide guidance during installation of the interlayers. Installation personnel provided design, inspection, and contract administration.
Procedure
Given the need to rehabilitate an AC or PCC pavement with an asphalt overlay, the procedure has three major steps:
~·
Decide if reflective cracks need to be prevented or reduced.
Q. Establish a cost-effective solution for minimizing reflective cracks (consistent with "Limitations/Disadvantages" on page 6) from one of the three options listed:
(1) Repair existing pavement by using recycling techniques.
(2) Crack and seat PCC pavement prior to asphalt overlay.
(3) Install asphalt-rubber or geotextile interlayers prior to asphalt overlay.
£. If the interlayer option is selected, the design of the pavement rehabilitation must be prepared. Factors to be considered include determining existing pavement parameters; thickness, types of cracks, causes of cracks, size of cracks, drainage, and subgrade strength. Specifics concerning the asphalt-rubber and geotextile interlayers will have to be specified; application rates, type of geotextile, and overlay thickness.
The recommended construction procedures will be site-specific and vary with the conditions of the existing pavement. The following are general recommendations for construction procedures for installing interlayers:
Remove and repair all structurally unsound pavements.
Q. Fill cracks and joints larger than 1/4 inch with proper sealing material.
£. Establish proper drainage to prevent weakening of pavement structure.
g. Clean pavement surface of all loose debris by brooming.
~.
Place interlayer according to proper specifications.
f. Place a conventional asphalt overlay of adequate thickness. Asphalt overlays on deteriorated pavements usually sustain reflective cracking over time. Cracks and joints from the underlying pavement propagate up through the new overlay and cause early deterioration of the pavement by r aveling and spalling. The reflective cracks then r equire maintenance to prevent further damage to the pavement.
New materials and improved construction techniques led to the development of asphalt-rubber and geotextile interlayer materials that are placed between the old wearing surface of a pavement and a new overlay surface.
Th ese stress-r elieving interlayers substantially reduce the amount of reflective cracking in the new wearing surface.
The interlayers can be used in an asphalt overlay of either asphalt concrete or Portland cement concrete. Interlayers are suitable for use in pavement overlays of residential streets, primary user roads, parking lots, and most other types of pavements. Interlayers perform very well in warm elimaLes, but have met with less success in cold climates.
Details of Dem onstration
The U.S. Army Engineer Waterways Experiment Station (WES) demonstrated these interlayers at Fort Sill, OK, in FY85 and F ort Jackson, SC, in FY86. The pavements at both installations had exceeded the service life (15 years), were extensively cracked and had begun raveling, and were already scheduled for much needed rehabilitation. Neither insta1lation had intended to use an interlayer in the overl ay. \Vithout the interlayer, severe r eflective cracking of the new overlay surface probably would have occurred within 6 to 18 months after r ehabilitation.
At Fort Sill, geotextile and asphalt-rubber interlayers were placed before an asphalt concr ete overlay was applied. At Fort Jackson, the existing surface was cold-milled before an engineering fabric interlayer and overlay were placed.
Both projects were inspected 1 year after r ehabilitation. Reflective cracking had been r educed at both sites by 80 to 90 per cent over that normally expected in the same timeframe. Some reflective cracking had occurred in the pavement overlay at intersections.
Cos t and Ben efits
Material costs for the demonstrations averaged about $1/square yar d for geotextile and $2.25/square yard for asphalt rubber. These prices will fluctuate, depending on the product and the local market. Expect to pay $0.50 to $1.25/square yard for geotextiles; asphalt rubber overlays range from $1.50 to $2.50/square yard.
The use of asphalt-r ubber and/or geotextile interlayers in pavement overlays will definitely r educe reflective cr acking, which will extend average service life of pavements by 3 to 7 years. The annual maintenance savings, as computed for a small to average size pavement project, is approximately 19.5 percent. With over 60,000 lane miles of pavements and around $70 million spent annually on pavement maintenance and repair, the Army could save hundreds of thousands of dollars by using interlayer s where feasible in overlay pr ojects.
The interlayers also prevent surface water from penetrating into the base course and subgrade and causing water-related maintenance problems.
Proc urem ent
Both interlayer materials are widely available on the market from industrial manufacturers.
More information on this technology may be found in WES r eport GL- a. Engineering fabrics and asphalt rubber have been used by various government agencies in an attempt to minimize the detrimental effects of reflective cracking. While performance has varied widely, it has been observed that these materials generally provide satisfactory performance in warm climates and unsatisfactory performance in cold climates. This letter provides recommended guidance concerning locations in which satisfactory performance can be expected with asphalt rubber and engineering fabrics based on results from recent studies at the Waterways Experiment Station (WES) including data from other sources, mainly Federal Highway Administration. Report of the WES studies is currently at the publishers and will be distributed in the near future. Some references from the report are provided with this ETL.
b. The studies involved evaluating the performance of a number of projects that had been constructed and observed over a period of years. After the results were obtained, it became apparent that performance was a function of two important parameters--overlay thickness and freezing index. The freezing index can be computed from temperature records for a given area us1ng the guidance provided in TM 5-818-2, Pavement Design for Seasonal Frost Conditions.
5. Action to be Taken. a. Figure 1 shows three climatic areas of the continental United States. Area I outlines an area with a freezing index below zero; Area II shows the area with a freezing index between zero and five hundred; and Area III shows the area having a freezing index greater than five hundred. If different local freezing indexes exist than shown on Figure 1 , the existing should be used.
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b. Based on evaluation of current materials the following guidance is provided for use of engineering fabrics or asphalt rubber.
(1) When overlaying asphaltic concrete, engineering fabric or asphalt rubber can be used in Areas I and II. A 2-inch minimum overlay is required in Area I, and a minimum 3-inch overlay (at least two layers) is required in Area II. Neither asphalt rubber nor engineering fabric should be used when overlaying asphaltic concrete in Area III.
(2) When overlaying portland-cement concrete (PCC), asphalt rubber is not effective as an interlayer and, therefore, should not be used. Engineering fabric is effective when used in Areas I and II, but should not be used in Area III. An engineering fabric strip is used to cover all joints when overlaying PCC to minimize the material costs. A 4-inch minimum overlay is required in Areas I and II to ensure satisfactory performance. (4) When local experience has shown satisfactory performance different from that described in the above guidance, local criteria should be used.
(5) Performance of new materials used in Area III will be monitored and guidance will be provided on favorable materials as they develop.
(6) The guidance in'this ETL will be incorporated in the appropriate road and airfield manuals.
6. Implementation. This letter will have routine application as defined in paragraph 6c, ER 1110-345-100. This letter will have application to all future civil works projects, except where local requirements govern otherwise. ' · ... ... Geotextile interlayers are used with an asphalt concrete overlay to retard or prevent reflection cracks from the underlying pavement. A geotextile interlayer absorbs or relieves the stress exerted on the overlay by the cracks and joints in the existing pavement. These interlayers consist of various synthetic fabrics and water-proofing membranes that are applied to both asphalt concrete (AC) and portland cement concrete (PCC) pavements. The synthetic fabrics are manufactured by either a woven or nonwoven process consisting of polypropylene, polyester, nylon or glass materials.
The waterproofing membrane consists of a woven or nonwoven fabric embedded in a thick layer of self adhesive rubberized asphalt.
AREAS OF APPLICATION:
Geotextile interlayers are used in rehabilitating both AC and PCC pavements. This technique is used to retard and reduce the reflective cracks and joints that propagate through the new AC overlay.
The geotextile interlayer also seals the · existing pavement and performs as a moisture barrier to prevent surface water from entering the base and subgrade resulting in reduced pavement strength.
PHYSIOGRAPHIC FACTORS:
A geotextile interlayer should be applied to structurally sound AC and PCC pavements that contain transverse and longitudinal cracks. The existing pavement should be relatively smooth and should have negligible movement under loads. Structural deficient pavement should be repaired prior to application of geotextile interlayer.
The geographic location and climate of the project site have an important part in determining whether or not geotextiles can be successfully used in pavement rehabilitation.
Geotextiles are successful in preventing and retarding reflective cracks in mild dry climates while geotextiles in cold climates have not been as successful.
DISCUSSION AND RECOMMENDATIONS:
Geotextile interlayers can be used in rehabilitating asphalt concrete and portland cement concrete pavement. Interlayers perform the same function for both pavements but use various types of geotextiles and overlay thicknesses. For all interlayer applications, the pavement surface should be cleaned of all debris and also joints and cracks larger than 1/8 inch in width should be sealed. General Geotextile inter layers can be applied directly on the existing surface or placed on an asphalt concrete leveling surface if the existing pavement is uneven and severly cracked. Fall-width nonwoven fabrics are recommended for reflective crack treatment of AC pavements. The geotextile must be strong enough to absorb the stress applied by the movement C3 of cracks and be able to elongate with this movement. The geotextile must also be able to retain enough asphalt material to form a water tight barrier.
b. Overlay Thickness. The minimum recommended asphalt concrete overlay thickness is based on climatic conditions and geographic location. Areas of the continental United States with a mean air freezing index below zero require a minimum overlay of 2 inches while areas with a mean air freezing index between zero and five hundred require a minimum overlay of 3 inches. Geotextile interlayers should not be used in areas with a mean air freezing index greater than five hundred.
AC overlay should always be increased to meet required structural requirements.
c.
Construction. The construction techniques involved in placing geotextiles prior to an asphalt concrete overlay are critical. Before placing the geotextile, the existing pavement surface must be prepared and the asphalt sealant uniformly sprayed.
The geotextile must be placed soon after the asphalt sealant is sprayed to insure proper bond.
The asphalt concrete overlay should be placed over the geotextile as soon after placement of geotextile as possible. The amount of asphalt sealant will· depend upon the asphalt retention properties of the geotextile and the porosity and surface texture of the existing surface. The application rate specified should be sufficient to bond the geotextile and the overlay to the existing pavement and to obtain a tight waterproof membrane.
e.
Geotextile Installation. The geotextile should be placed with mechanical equipment immediately after the asphalt sealant has been applied and before the materials have cooled and lost tackiness.
The geotextile should be aligned and carefully broomed to remove air bubbles and to insure intimate contact of the geotextile with the existing surface. Every effort should be made to lay the geotextile as smoothly as possible to avoid any wrinkling.
f. AC Overlay. The asphalt concrete overlay should be placed as close behind the geotextile laydown as possible. All movements by pavers and other vehicles on the geotextile should be kept to a minimum to avoid damage .to the geotextile.
The asphalt concrete material should conform to applicable specification requirements.
PCC Pavements
General.
Geotextiles should be applied to PCC pavements that are structurally sound and have minimum slab movement. Geotextile interlayers are used in two different capacities, the full-width and strip methods. The fullwidth method involves sealing cracks and joints and placing an asphalt concrete leveling course prior to the placement of a nonwoven geotextile. The remainder of this application is identical to the geotextile interlayer for AC pavements.
The strip method involves the sealing of cracks and joints but requires no leveling course. The single water proofing membrane strip, which are usually 12 to 24 inches wide, are placed after an application of a primer directly on the joints and cracks and overlaid with asphalt concrete.
• c4 Overlay Thickness. The m1n1mum overlay thickness of an asphalt concrete overlay for geotextile application on portland cement concrete pavements is 4 inches. Areas with a mean air freezing index below five hundred should use a minimum overlay of 4 inches. Geotextile interlayers are not recommended in areas with a mean air freezing index greater than five hundred.
Construction.
The construction techniques involved in placing geotextiles prior to an asphalt concrete overlay are similar to the procedure outlined for AC pavements.
The existing portland cement concrete pavement should be cleaned and stablized prior to installing a geotextile. In either application, the full-width or strip method, the geotextile must be installed in such a manner to insure a proper bond with the existing pavement • A conventional tack coat should be applied with the strip method to insure a good bond between the existing PCC pavement and the asphalt concrete overlay.
The asphalt concrete overlay should be placed immediately after placement of the geotextile to avoid any damage to the geotextile.
SUMMARY:
A geotextile interlayer can be used as a pavement rehabilitation technique to retard and reduce reflective cracks and to seal the existing pavement from surface moisture; but it is not a "cure-all as a pavement maintenance tool.
Good judgement must be used in selecting pavements for treatment and only structurally sound pavements should be selected. Consideration of climatic conditions and geographic location along with the asphalt concrete overlay thickness must be taken into account.
Proper construction techniques must also be followed to insure a good performance of geotextile interlayers. ASPHALT-RUBBER STRESS ABSORBING TREATMENT (SAM or SAMI) for HIGHWAYS, ROADS, STREETS and AIRPORTS.
Note: Attached are "Notes to Engineer" which are referenced to by an asterisk (•). It is important that these notes be
referred to when developing a specification from this guide for highway, road, street, and airport asphalt-rubber projects.
SCOPE
This specification covers the material, equipment, and construction procedures for a Stress Absorbing *
PREQUALIFICATION OF A NEW ASPHALT-RUBBER MATERIAL
Prequalification of a new asphalt-rubber material or applicator may be requested at any time. Prequalification will be based on three controlled field applications evaluated after three years' performance under traffic. New asphaltrubber material that has been evaluated and prequalified by an agency recognized nationally may be prequalified by that agency upon disclosure of suitable evidence of successful performance. Notwithstanding other agency prequalification, this agency reserves the right to withhold prequalification pending the performance evaluation of local controlled field applications.
MATERIALS a1 Asphalt
The grade of asphalt cement for the asphalt-rubber mixture shall be * or * which shall comply with the requirements of * . The grade selected shall be based on laboratory testing by the asphalt-rubber supplier, to insure compatibility with the granulated reclaimed rubber.
If indicated necessary by laboratory testing, an approved anti-stripping additive may be added to the asphalt cement up to 1.0 percent by weight of asphalt.
a2 Granulated Reclaimed Rubber
The granulated reclaimed rubber used shall be produced primarily from the processing of automobile and truck tires. The rubber shall be produced by ambient temperature grinding processes only. 
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The use of rubber from multiple sources is acceptable provided that the overall blend of rubber meets the gradation requirements.
The individual granulated rubber particles, irrespective of diameter, shall not be greater in length than 3/16 inch (5mm).
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The granulated rubber shall have a specific gravity of 1.15 ± 0.05 and shall be free of loose fabric, wire and other contaminants except that up to 4 percent (by weight of rubber) calcium carbonate or talc may be added to prevent rubber particles from sticking together. The rubber shall be sufficiently dry so as to be free flowing and not produce a foaming problem when blended with the hot asphalt cement.
The granulated reclaimed rubber shall be accepted by certification from the rubber supplier.
Diluent
The diluent shall have the following properties: The asphalt-rubber supplier shall furnish to the engineer a minimum of 10 days before the beginning of membrane placement, the asphalt-rubber mix formulation which shall contain the following information:
Asphalt Cement
Source of Asphalt Cement Grade of Asphalt Cement Percentage of Asphalt Cement by total weight of the asphalt-rubber mixture.
Granulated Reclaimed Rubber
Source of Granulated Rubber Grade of Granulated Rubber Percentage of Granulated Rubber by total weight of the asphalt-rubber mixture.
If granulated rubber from more than one source is utilized the above information will be required for each granulated rubber used.
Diluent
Source of Diluent Grade of Diluent Percentage of Diluent allowable by volume of the asphalt-rubber mixture.
Cover aggregate
Aggregate shall be composed of a clean and durable crushed rock, crushed gravel or crushed slag conforming to * Proposed aggregate samples shall be submitted to the asphalt-rubber supplier a minimum of 21 days prior to application, to test for aggregate stripping characteristics. The results shall be submitted to the engineer. Anti-strip will be included as a contingency bid item.
EQUIPMENT 4.1 General
The equipment used by the contractor shall include a self propelled rotary power broom or mobile pickup broom for pavement cleaning and excess cover material removal.
Asphalt-Rubber Equipment
All equipment utilized in the production and application of the asphalt-rubber shall be as described as follows:
4.2.1 An asphalt heating tank with a hot oil heat transfer system or retort heating system capable of heating asphalt cement to the necessary temperature for blending with the granulated rubber. This unit shall be capable of heating a minimum of 3,000 gallons of asphalt cement.
4.2.2
An asphalt-rubber mechanical blender with a two stage contir1,uous mixing process capable of producing a homogenous mixture of asphalt cement and granulated rubber, at the mix design specified ratios, as directed by the engineer. This unit shall be equipped with a granulated rubber feed system capable of supplying the asphalt cement feed system, as not to interrupt the continuity of the blending process. A separate asphalt cement feed pump and finished product pump are required. This unit shall have both an asphalt cement totalizing meter in gallons and a flow rate meter in gallons per minute.
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the distributor. The boatman shall ride in a position so that all spray bar tips are in full view and readily accessible for unplugging if a plugged tip should occur. The distributor shall also include a tachometer, pressure gauge, volume measuring device and a thermometer.
Cover Material Spreader
The cover material (chip) spreader shall be a self-propelled machine with an aggregate receiving hopper in the rear, belt conveyors to carry the aggregate to the front, and a spreading hopper equipped with a full-width distribution auger and spread roll. The spreader shall be in good mechanical condition and be capable of applying the cover material uniformly across the spread at the specified rate.
Rolling Equipment
A minimum of three operational self-propelled pneumatic-tired rollers shall be used for the required rolling of the cover material. The pneumatic-tired rollers shall carry a minimum loading of 3,000 pounds on each wheel and a minimum air pressure of 100 pounds per square inch in each tire.
Hauling Equipment
Trucks for hauling cover material shall be tailgate discharge and shall be equipped with a device to lock onto the hitch at the rear of the cover material spreader. Haul trucks shall also be compatible with the cover aggregate spreader so that the dump bed will not push down on the spreader when fully raised or have too short a bed which results in aggregate spillage while dumping into the receiving hopper.
CONSTRUCTION
General
For optimum performance it is recommended that holes and depressions in the old pavement surfacing should be repaired by patching and transverse and longitudinal cracks 3/8 inch wide and above be repaired by cleaning and filling with an asphalt-rubber crack sealant.
Immediately prior to the application of the asphalt-rubber membrane, the surface shall be thoroughly cleaned in order to insure adequate adhesion of the asphalt-rubber to the pavement.
Due to the handling characteristics of asphalt-rubber, when radii and other irregular areas are to be sealed it is recommended that this be done with an RS or CRS chip seal emulsion or paving grade asphalt cement.
Asphalt-Rubber Mixing and Reaction
The percentage of granulated rubber shall be 23 percent plus or minus 3 percent by weight of total asphaltrubber mixture, the exact granulated rubber content shall be as determined by the mix design submitted by the asphaltrubber supplier. During membrane placement the granulated rubber percentage shall not fluctuate more than 1 percent by weight of total asphalt-rubber mixture.
The temperature of the asphalt cement shall be between 350 and 425°F at the addition of the granulated rubber. The asphalt and rubber shall be combined and mixed together in the asphalt-rubber blending unit and reacted in the distributor for a period of time as required by the engineer which shall be based on laboratory testing by the asphalt-rubber supplier. The temperature of the asphalt-rubber mixture shall be above 3500F during the reaction period.
After the reaction between asphalt cement and granulated rubber has occurred, the viscosity of the hot asphalt-rubber mixture may be adjusted for spraying and/or better "wetting" of the cover material by the addition of a diluent. The diluent shall comply with the requirements of Section 3.3 and shall not exceed 7.5 percent by volume of the hot asphalt-rubber mixture.
When a job delay occurs after full reaction, the asphalt-rubber may be allowed to cool. The asphalt-rubber shall be reheated slowly just prior to application but not to a temperature exceeding 3500F. An additional quantity of diluent not exceeding 3 percent by volume of the hot asphalt-rubber mixture may be added after reheating.
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Application of Asphalt-Rubber Material
Placement of the asphalt-rubber membrane shall be made only under the following conditions:
1. The pavement surface temperature shall be 45°F and rising.
2. The pavement surface is clean and absolutely dry.
3. The wind conditions are not excessive.
4.
All construction equipment such as asphalt-rubber distributor. cover material spreader. haul trucks with cover material, and rollers are in position and ready to commence membrane placement operations.
Rain is not imminent.
The asphalt-rubber mixture shall be applied at a temperature of 3000 to 3500F at a rate of * . Transverse joints shall be constructed by placing building paper across and over the end of the previous asphalt-rubber application . Once the spraying has progressed beyond the paper. the paper shall be removed immediately and disposed of as directed by the engineer. All longitudinal joints shall not exceed a four inch over1ap.
Application of Cover Material
Cover material shall be applied immediately to the asphalt-rubber after spreading at a rate of ---* ---to * pound per square yard.
M. the time of application to the asphalt-rubber, cover material shall be surface dry so as to gain proper adhesion to the asphalt-rubber material.
Rolling
PJ. least three operational pneumatic-tired rollers complying with the requirements of Section 4.4 shall be provided to accomplish the required embedment of the cover material. PJ. some project locations or where production rates dictate, fewer rollers may be utilized as directed by the engineer. M. no time shall there be less than two operational pneumatic tired rollers on a project. Sufficient rollers shall be used for the initial rolling to cover the width of the aggregate spread with one pass. The first pass shall be made immediately behind the cover material spreader. and if the spreading is stopped for an extended period, the cover material spreader shall be moved ahead or off the site so that all cover material may be immediately rolled. Four complete passes with rollers shall be made with all rolling completed within one hour after the application of the cover material.
Traffic Control
Except when it is necessary that hauling equipment must travel on the newly applied membrane, traffic of all types must be kept off the membrane until it has had time to set properly. The speed of all hauling equipment shall not exceed 15 miles per hour when traveling over a membrane which is not adequately set. The minimum traffic free period shall not be less than one hour.
7 Removing Loose Cover Material
. Sweeping can begin a minimum of one hour after membrane placement.
Method of Measurement and Basis of Payment
Dependent on agency preference the asphalt-rubber can be paid for per square foot, per square yard, per gallon, or per ton of mixture in-place, which includes asphalt cement, granulated reclaimed rubber and diluent.
Cover aggregate and a contingent bid item for an anti-strip agent should be allowed for in the bid schedule.
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7. The use of smaller sized aggregate (1/4 inch nominal size) is not generally recommended for use with most asphalt-rubber treatments, as use of this sized aggregate can produce flushing surfaces with normal asphaltrubber application rates of .55 to .60 gallons per square yard. However, with application rates less than . 8. When asphalt-rubber is to be utilized on an airport facility, and is to be left as a SAM, consideration should be given to the texture of the aggregate. This should be done in order to reduce any possibility of damaging aircraft tires due to coarse surface texture or loss of cover aggregate causing possible propeller or jet engine damage.
9. If the aggregate common to the area has been identified to be excessively dirty, exhibits a high stripping tendency or has a high moisture content consideration should be given to the option of precoating the aggregate to help insure a quality end result project. This may be accomplished by means of hot or cold applied precoating methods. Various precoating materials and methods have been fully investigated by International Surfacing, Inc. For a copy of possible precoating options consult your International Surfacing, Inc. representative.
If precoating is included, then Section 3.1 would have to contain requirements for the asphalt materials and Section 3.5 the requirements for precoating the aggregate. With heating of the aggregate only for hot spreading, this requirement would be required in Section 3.5.
Flush Coat
If non-precoated aggregate is used then a flush coat conforming to the following will be required.
Flush coats on chip seals shall consist of the application of emulsified asphalt.
Time of Application and Weather Conditions
For seal coats on new chip seals shall be applied within 48 hours. This time restriction may be extended by the engineer.
Emulsified asphalt shall not be applied when the surface is wet or when there is a threat of rain. The ambient temperature shall be at least 500F and rising.
Materials
Emulsified asphalt unless otherwise specified shall be in proportions of 50% water and 50% emulsified asphalt.
Preparation of Surfaces
Immediately before applying the emulsion, the area to be surfaced shall be cleaned of all loose aggregate and/or foreign material. This will be accomplished by means of power brooms or pickup brooms supplemented by hand brooms if necessary. The fog seal shall not be applied until an inspection of the surfaces has been made by the engineer and he has determined that the surfaces are suitable.
Application of Asphalt Emulsion
The diluted material shall be well mixed before application. It shall be applied by a distributor truck, in sound mechanical condition and calibrated to insure accuracy of application. The application rate of the emulsion shall be 0.10 to 0.15 gallon per square yard. The exact rate shall be directed by the engineer.
Protection of Treated Surface
The treated chip seal shall be protected by barricades, cones or other types of traffic control devices until the asphalt emulsion has cured and will not be picked up by traffic.
Payment
Payment for the asphalt emulsion in-place shall be by the ton, diluted, by the square yard or square foot.
Section 5.3
Recommended asphalt-rubber application rates will vary, depending on the aggregate gradation which is utilized along with consideration of the degree of distress of the pavement surface. ~ a general rule under normal conditions the application rate will generally fall between .55 and .65 gallons per square yard.
Section 5.4
Cover material quantities generally used have been 25 to 35 pounds per square yard (for aggregate with specific gravities between 2.5 and 2.9). The actual amount selected within this range on the project should be based on the appearance of the SAM or SAMI after initial rolling. Tracking of the asphalt-rubber binder by the cover material spreader or hauling trucks is one indicator of the need for an increase in spreading rate. Adjustments from the 25 to 35 pounds per square yard rate may be necessary for aggregates with high or low specific gravities such as for slags and synthetic materials.
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Asphalt Rubber Producers Group 1 This specification shall consist of an application of a combined reacted mixture of hot paving grade asphalt and ground rubber followed immediately with a cover material.
1.2 The work involves furnishing and placing all materials on paved and unpaved surfaces in accordance with this specification.
1.3 This specification includes two known processes for the production of Asphalt-Rubber. Method A uses ground vulcanized rubber and an extender oil. Method Buses ground vulcanized rubber and a Kerosene diluent. Either method is acceptable based on proper compliance with the specifications and certifications of materials. The rubber shall be vulcanized rubber scrap and contain 22% ± 5% by weight of a natural rubber.
It shall be free from fabric, wire, or other contaminating materials, and shall be dry and free-flowing. Not more than 4 percent by weight of a mineral powder(such as calcium carbonate) may be included to prevent sticking or caking of the rubber particles. The vulcanized ground rubber shall meet the following requirements:
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Chemical Analysis (ASTM 0-297) Natural Rubber content percent by weight 22 ± 5% Gradation Sieve The rubber shall be ground tire rubber dry and free flowing. The specific gravity of the rubber shall be 1.15 ± 0.05 and shall be free from fabric, wire or other contaminating materials except that up to 4% by weight of a mineral powder (such as calcium carbonate) may be included to prevent sticking and caking of the particles. The ground rubber shall meet the following gradation. The cover material shall consist of a dry precoated or uncoated, heated or unheated aggregate spread immediately after the application of Asphalt-Rubber seal material. The cover aggregate shall be a dry, clean material meeting the requirements of ASTM D-1139. The contract documents shall establish the precoating and/or preheating of the aggregate cover materials.
2.5.1
Proposed aggregate samples shall be submitted to the Asphalt-Rubber supplier a minimum of 21 days prior to application to test for aggregate stripping characteristics. The results shall be submitted to the engineer.
Gradation
Gradation shall be according to ASTM 0-488 or ARPG recommended gradations as follows: The tack coat, when required, shall be in accordance with the specification and/or plans as directed by the Engineer.
7 Fog Coat (Method A & B)
Fog coat shall be a SS-1 h or equal emulsified asphalt diluted 50-50 with water. The emulsified asphalt shall meet the requirements of ASTM D-977.
Sand Blotter
The sand shall meet the requirements of ASTM 0-448 size No. 9 or as follows: Prior to application, the contractor shall submit certification of compliance to the Engineer for all materials to be used in the work.
Equipment
General
The method and equipment for combining the rubber and asphalt shall be so designed and accessible that the Engineer can readily determine the percentage by weight for each material being incorporated into the mixture.
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Pre-Blending
Rubber, asphalt and extender oil for Method A shall be blended prior to introduction of the blend to the distributor. Rubber and the asphalt for Method B may be preblended prior to introduction to the distributor or blended in the distributor and diluted by Kerosene.
3.3 Distributor: Distributor trucks shall be of the pressure type with insulated tanks. Spray bars and extensions shall be of the full circulating type. The spray bar shall be adjustable to permit varying height. The nozzle spacing, center to center, shall not exceed 6 inches. The valves shall be operated so that one or all valves may be quickly opened or closed in one operation. The valve which controls the flow from the nozzles shall be of a positive acting design so as to provide a uniform, unbroken spread of Asphalt-Rubber material on the surface. The distributor shall be equipped with devices and charts to provide for accurate, rapid determination and control of the amount of Asphalt-Rubber being applied. The distributor shall be equipped with a tachometer registering speed in feet per minute. The distributor shall also be equipped with pressure gauges and accurate thermometers for determining Asphalt-Rubber temperatures. The spraying equipment shall be designed so that uniform application of Asphalt-Rubber can be applied in controlled amounts ranging from 0.45 to 2.0 gallons per square yard plus or minus 0.05 gallons per square yard. Transverse variation rate shall not exceed ten (1 O) percent of the specified application rate. Distributor and booster tanks shall be maintained so as to prevent dripping of Asphalt-Rubberfrom any part of the equipment. The distributor must be equipped with a mechanical mixing device and truck pump.
3.4 Rollers At least three pneumatic-tired self-propelled rollers or equal shall be used. Each pneumatic-tired roller shall carry a minimum of 5000 pounds on each wheel and a minimum of 100 psi in each tire. Steel wheel rollers shall have a contact pressure of 90 pounds per-inch. Rolling speed shall be established by the engineer and shall not exceed 8 MPH. The rollers shall be approved by the engineer.
3.5 Cover Aggregate Spreader A self propelled aggregate spreader shall uniformly distribute the aggregate to the hot Asphalt-Rubber composition immediately behind the distributor. The spreader shall be capable of variable widths applications within the specification application rate of plus or minus 2 pounds per square yard.
3.6 Brooms Brooms shall be so designed to sweep clean or redistribute aggregate without damage to the surface.
Trucks
Trucks of sufficient number and size to adequately supply aggregate for application rates specified. Trucks shall be scheduled, designed and equipped so that the aggregate application rate is continuous.
Mixing
Preparation of Blend (Method A)
4.1 .1 Preparation of Asphalt-extender oil mix blend:
Blend the preheated asphalt cement (250 to 425 degrees F) and extender oil (0.5 to 7% by weight) to reduce the viscosity to the application range.
.2 Preparation of Asphalt-Rubber Binder
The asphalt extender oil blend shall be heated to a range of 350 to 425 degrees F. The preblended rubber shall be added to the blend at 20% ± 3% of the total blend as specified by the design. Sufficient heat shall be applied to maintain the temperature between 350 and425 degrees Fwhile circulating in the distributor. Viscosity of the Asphalt-rubber shall be in the range of 600 to 4000 centipoises at the time of application (ASTM D-2994).
Preparation of Blend (Method B)
The percentage of rubber shall be 22% (+3 -4%) by weight of the total mixture. The approved mix design by the supplier will establish the needed percentage of rubber. Mixing shall continue in the temperature range of 250 degrees F to 450 degrees F until the reaction is complete. The viscosity of the asphalt rubber shall be in the range of 500 to 4000 centipoises as tested by ASTM 0-2994 before application. The viscosity shall be set by the design for proper application and consistency.
4.3 Adjustment of spray viscosity with diluent (Method B) After the full reaction has occurred the mix may be diluted with Kerosene for Method B. The amount of diluent used shall not exceed 7.5% by volume of the hot asphalt-rubber composition as required for adjusting viscosity for spraying or better wetting of the aggregate. Temperature of the hot composition shall not exceed the Kerosene initial boiling point at the time of adding the diluent
Construction
Prior to placing the hot asphalt rubber seal coat, soil and · other objectionable materials shall be removed from the pavement surface. The Engineer will evaluate the surface condition for the need of a tack coat.
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The application rate of the hot asphalt rubber mixture shall be 0.45 to 0.75 gallons per square yard The engineer will establish the application rate per this specification and contract documents. Hot asphalt-rubber shall be applied at 350 degrees F to 425 degrees F for Method A and 300 degrees F to 350 degrees F for Method B. The application of the cover aggregate shall follow as close as possible behind the distributor truck.
The cover aggregate may be preheated prior to application and precoated as follows:
When specified the aggregate shall be heated to 260 degrees F to 325 degrees F and precoated with bituminous material. The quantity of bituminous material used shall not be less than 0.50 nor more than 0.75 percent of the combined weight of the bituminous material and the aggregate.
The final percentage of asphalt used for coating shall be directed by the Engineer. Precoating shall produce a uniform, dust free product Hot asphalt-rubber seal and cover aggregate shall be placed when the ambient temperature is at least 60 degrees F and rising on a dry surface and no immediate threat of rain. Wind velocities shall be such that the application is directly on to the surface to be sealed only. The rate of application of the cover material shall be from 25 to 35 pounds per square yard for V 4 inch nominal as herein specified or 30 to 40 pounds per square yard for% inch nominal size as directed by the engineer.
The rolling of the cover aggregate material shall follow immediately after application in order to insure embedment of the aggregate. Sufficient rollers shall be used for initial rolling to covert he width of the aggregate spread with one pass. The first pass shall be made immediately behind the aggregate spreader. If the spreading is stopped for an extended period, the spreader shall be moved so that all cover aggregate may be immediately. rolled. Three complete passes with 3 rollers shall be made with all rolling completed within one hour after the application.
The contractor shall sweep all joint edges clean of overlapping cover material prior to the adjacent application of Asphalt-Rubber material. Transverse joints shall be made by placing building paper over the ends of the previous applications. The jointing application shall start on the building paper. Once the application process has progressed beyond the paper, the paper shall be removed and disposed of to the satisfaction of the Engineer. All valve, manhole, drain grate covers shall be covered prior to the application of asphalt-rubber as directed by the plans and specifications.
Traffic may be allowed on the covered surface after rolling with the following restrictions:
a Speed not to exceed 25 MPH b. All intersections that have traffic controls shall, as directed by the Engineer, be sanded with 2 to 5 pounds of sand per square yard. Sand shall be applied through the intersection and for 200 feet each way after rolling and before opening a lane to traffic.
c. After sweeping and prio·r to striping, a fog coat shall be applied, unless otherwise directed by the Engineer to the sealed surface. The fog coat shall be 0.1 0 to 0.1 5 gallons per square yard of an emulsified asphalt diluted 50-50 with water. The application of the fog coat may be delayed to facilitate curing or to avoid placement under unfavorable conditions.
Measurement
Quantities of materials forth is work will be paid for atthe contract price per unit of measurement for each of the . following pay items actually used on the project Payment may be made by the square yard for any or all of the items used.
7.
(A) Payment will be full compensation for furnishing and placing all materials specified and used, with no allowance for waste, and shall include labor, equipment, tools, and incidentals necessary to complete the work as prescribed and as directed by the Engineer.
Asphalt for precoating aggregate will be included in the price per ton for aggregate cover.
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